found longer lexical-decision latencies to 4-letter words when an ambiguous letter (one from which neighbors could be formed) was delayed than when an unambiguous letter (one from which no neighbors could be formed) was delayed. They suggested that this was due to competition between partially activated words. However, K. I. Forster and D. Shen (1996) suggested that this effect may be due to participants' generating hypotheses on the basis of the previewed trigram. The authors conducted 2 experiments that used a partial priming methodology and found that lexicaldecision latencies were longer to words preceded by ambiguous trigrams than unambiguous trigrams when (a) the target was the highest frequency member in its neighborhood and (b) the prime was masked and presented for 60 ms. These results are inconsistent with Forster and Shen's prediction of no effect of prime ambiguity under these conditions, and they indicate that the ambiguity effect was not due to hypothesis generation on the basis of the partial primes.
review some of the current literature pertaining to neighborhood effects, focusing on a study by Pugh, Rexer, Peter, and Katz (1994) . We then outline Forster and Shen's (1996) hypothesis generation account of Pugh et al.'s data and describe two experiments that were conducted to investigate Forster and Shen's explanation. More specifically, we tested whether participants generated hypotheses regarding the identity of a word on the basis of partial information.
Several studies have been conducted to investigate the influence of a word's neighborhood on the ease of lexical identification, some of which have shown a facilitatory role for neighbors (Andrews, 1989 (Andrews, ,1992 Forster & Shen, 1996; Sears, Hino, & Lupker, 1995) , whereas others have demonstrated an inhibitory effect of neighbors (Grainger, 1990; Grainger, O'Regan, Jacobs, & Segui, 1989 , 1992 Johnson & Pugh, 1994; Pugh et al., 1994) . In a recent article, Andrews (in press) provided a comprehensive review of a variety of tasks including lexical decision, naming, perceptual identification, and semantic categorization that were used to investigate the influence of orthographic neighbors on lexical identification. Andrews (in press) noted that of the studies that had manipulated the neighborhood size of target words, over three-quarters had shown facilitatory effects of neighborhood size on response latencies. The remaining studies that observed either null or inhibitory effects of neighbors on lexical identification had predominantly used tasks that involved degraded or blocked stimuli or non-English target items. Andrews' (in press) review of the literature led her to conclude that when participants make a response to an isolated word in English, neighbors facilitate lexical processing.
The Ambiguity Effect: An Inhibitory Effect of Neighbors or Hypothesis Generation?
Although the majority of studies using a standard lexicaldecision methodology have demonstrated facilitatory effects of neighbors, a study by Pugh et al. (1994) suggested that neighbors had an inhibitory effect when a letter delay methodology was used. They selected four-letter words such that one of their medial letter positions yielded one or more neighbors (an ambiguous position) and the other medial letter position yielded no neighbors (an unambiguous position). For example, burn has an ambiguous letter u and an unambiguous letter r. Words appeared in one of three forms: with their ambiguous letter delayed, with their unambiguous letter delayed, and with no letter delayed. Pugh et al. found that delaying a letter led to longer lexical-decision latencies than when no letter was delayed and that this increase in latencies was greater when the letter was ambiguous compared to when it was unambiguous. They termed this latter difference the ambiguity effect, and argued that it supported a competitive role for activated neighbors during word identification.
To reconcile Pugh et al.'s (1994) inhibitory neighborhood effects with the facilitatory effects typically observed, Forster and Shen (1996) suggested that the inhibitory ambiguity effect may have been due to participants' generating hypotheses regarding the identity of the target words on the basis of the previewed trigrams. Forster and Shen noted that Pugh et al.'s letter delay procedure is similar to an orthographic priming procedure. In Pugh et al.'s study, when a letter of a target word is delayed, this stimulus can be considered to be a partial orthographic prime. Furthermore, when the letter is replaced, this stimulus may be regarded as the target word. In an orthographic priming experiment, processing of the target word is facilitated when preceded by an item with which it shares letters relative to when the target word is primed by an all-letters-different control item (Evett & Humphreys, 1981; Forster & Davis, 1984) . Drawing on evidence from the masked priming literature (Evett & Humphreys, 1981; Ferrand & Grainger, 1992; Forster & Davis, 1984; Forster, Davis, Schoknecht, & Carter, 1987) , Forster and Shen argued that a letter delay, or prime duration, greater than 60 ms is sufficiently long to allow participants to initiate fairly complex processing on the stimulus. Such processing, in their view, would permit participants to generate hypotheses regarding the identity of a target word on the basis of a partial prime. Hence, Forster and Shen argued that because Pugh et al. used a letter delay, or prime duration, of 100 ms their data may be explained in terms of such a hypothesis generation account. According to this account, it is more likely that an incorrect guess will be generated for ambiguous primes than for unambiguous primes because ambiguous primes, by definition, are consistent with more words than unambiguous primes. As incorrect guesses would lead to longer response latencies than correct guesses, such hypothesis generation could explain Pugh et al.'s ambiguity effect. Hence, the ambiguity effect may have arisen either because of a competitive role for neighbors during lexical access or, according to Forster and Shen, because participants generated hypotheses regarding the identity of the target words on the basis of the partial primes.
In the following experiments, a partial priming methodology was used to investigate Forster and Shen's (1996) claim that in Pugh et al.'s (1994) experiments participants were using the partial orthographic primes to generate hypotheses regarding the identity of the target. The general approach of both experiments was to test Forster and Shen's claim by examining whether an ambiguity effect occurred under conditions in which their hypothesis generation account predicts that it should not.
Experiment 1
In Experiment 1A, a lexical-decision methodology was used and the words and nonwords were preceded by four types of primes: control primes, ambiguous primes, unambiguous primes, and identity primes. Consistent with a standard priming paradigm, primes were always presented in lowercase and targets in uppercase to eliminate the visual overlap and physical continuity between primes and targets (Forster & Davis, 1984) . The ambiguous and unambiguous primes were generated by removing one of the target's letters and were therefore equivalent in the number of letters they shared with the target. Many words could be generated from the missing position for ambiguous primes, and one or zero words other man the target could be generated from the missing letter position for unambiguous primes.
1 The other two prime types, control primes and identity primes, served as baseline and ceiling conditions, respectively. Primes in the control condition were four letter nonwords sharing no letters with the target, and primes in the identity condition were identical to the target. The control primes permitted us to determine whether orthographic priming occurs for words when preceded by a partial prime. The identity prime condition was included to investigate whether there was a processing cost associated with making a lexical decision on a word when the prime has a letter missing due to participants' receiving only partial information in the ambiguous and unambiguous conditions. According to Forster and Shen (1996) , partial primes presented for 100 ms should permit participants to generate hypotheses regarding the identity of the target on the basis of the prime. We may interpret Forster and Shen's claim in two ways. First, a frequency-ordered version of Forster and Shen's account is that the predictions participants make regarding the identity of the target words on the basis of the partial primes are generated or verified in order of frequency. If this is the case, then if words are selected such that neighbors formed from the ambiguous position are all lower in frequency than the target word, participants will predict the target word. By definition, this will also hold for the unambiguous primes. Therefore, the target words in Experiment 1A were selected such that the target word was always the highest frequency word consistent with the ambiguous partial prime. For these stimuli, the frequency-ordered version of Forster and Shen's claim would predict no differences in lexical-decision latencies to target words when preceded by ambiguous and unambiguous partial primes. Conversely, if, as Pugh et al. argued , the ambiguity effect is due to competition between neighbors, then longer lexical-decision latencies would still be expected for target words when preceded by ambiguous primes than when preceded by unambiguous primes.
In Experiment 1A, ambiguous primes were formed most often by removing the initial letter of the target word, whereas unambiguous primes were predominantly formed by removing the final letter. Therefore, if an ambiguity effect is observed in Experiment 1A, this could be due to the necessarily different positions of the letter that was removed to form the ambiguous and unambiguous partial primes. To test this possibility, we conducted a control experiment (Experiment IB), in which we compared response latencies to target items preceded by partial primes formed by removing either the initial or final letter of the target. It is important to note that the same number of neighbors could be formed from these letter positions. If the position of the missing letter causes differences in response latencies, then similar effects should be observed in Experiments 1A and IB for the partial primes. If the effects are due to the neighborhood characteristics of the partial primes, then we should observe an ambiguity effect in Experiment 1 A, but no such effect in Experiment IB. We anticipated no influence of prime type on response latencies to nonwords in Experiments 1A and IB, as most studies have not obtained priming effects for nonword targets (see Forster, 1993 ; but also see Sereno, 1991) .
Method Participants
Thirty-six participants with English as their first language and normal (or corrected-to-normal) vision were paid for their participation in this experiment.
Stimuli and Design
Experiment 1A. Twenty-eight four letter target words were selected. These words had a frequency range of 32-88 counts per million, with a mean of 60 (KucJera & Francis, 1967) . Each word had one letter position from which at least three neighbors (M = 5.4) could be formed (ambiguous position), and one letter position from which a maximum of one neighbor (A/ = 0.2) could be formed (unambiguous position). The neighbors formed from the ambiguous position had a minimum summed frequency of 32 (M = 67). If a neighbor could be formed from the unambiguous position, this had a maximum frequency of 5. Of the words, 22 had no neighbors formed from the unambiguous position. None of the neighbors formed from either position had a higher frequency than their target word. The neighborhood density of the words ranged from 5 to 23 (M = 10.4, SD = 3.4).
Twenty-eight four letter nonwords were also constructed. These were orthographically and phonologically legal and had ambiguous and unambiguous positions as described above. Of the nonwords, 24 had no neighbor formed from the unambiguous position. The nonwords had a minimum neighborhood size of 5 (Af -9.1, SD = 2.0).
Primes appeared in four forms: ambiguous primes, unambiguous primes, control primes that were legal nonwords sharing no letters with their target word, and identity primes that were the same as the target word. For example, the target word CODE was primed by ode, c de, palp, and code, respectively (all stimuli and their primes are given in Appendix A). A practice session of 10 words and 10 nonwords was constructed in a similar manner.
Materials were rotated so each participant saw each target word once only. All participants therefore experienced each prime type an equal number of times. Consequently, for the words and nonwords there was a one-way within-subjects and within-items variable of prime type, with four levels.
Experiment IB. Twenty-seven words and 27 nonwords were selected. These were all four letters in length and none were used in Experiment 1A. The frequency range of the words was 1-81 {M ~ 25.3) and the mean neighborhood density of the words was 5.8. All items had the same number of neighbors formed from their first and last letter positions (M = 2.2). All target stimuli used in Experiment IB are given in Appendix B. Primes appeared in two forms, which will be referred to as pseudo-ambiguous and pseudounambiguous. Each participant saw each target item once but experienced each prime type an equal number of times. Therefore, for the words and nonwords there was a within-subjects and within-items variable of prime type, with two levels.
Procedure
Stimuli were presented on a BBC microcomputer using a tachistoscope program. Participants were tested individually in a quiet room. Written instructions explained the task to the participants, with both speed and accuracy of response emphasized, and the practice session was run. Experiment 1A was then conducted in a single block of 56 trials, randomly presented. After a short break, participants responded to the items in Experiment IB, which were randomly presented in a single block of 54 trials. Each trial consisted of a tone followed after 400 ms by prime for a duration of 100 ms, and immediately after the prime the target was presented for 1,200 ms in the same spatial location on the screen. The intertrial interval was 1,000 ms. Responses were timed from the onset of the target to millisecond accuracy. Primes were presented in lowercase and targets in uppercase. Participants responded by pressing one of two buttons on a button box, making a "yes" (word) response with their dominant hand and a "no" (nonword) response with their nondominant hand.
Results
Outliers were removed according to cut-off values of 250 ms and 1,000 ms, with any data exceeding these being replaced by the appropriate cut-off value. Over Experiments 1A and IB, this occurred for less than 3% of the data. One word (king) was completely removed from all analyses for Experiment 1A because of a typing error in the stimuli files. More than 40% of participants made errors to gram, and thus this was excluded from the analyses for Experiment IB.
2 All analyses were conducted both with these items included and excluded and the results were the same for both sets of analyses. The analyses excluding these items are reported below. Additionally, 2 participants' responses in Experiment IB were lost as a result of a computer error, and thus the analyses for this experiment are based on 34, rather than 36, participants.
The mean reaction times (RTs) for correct responses were calculated separately across subjects and items for the words and nonwords. This produced two data sets on which separate analyses of variance (ANOVAs) were conducted with prime type as a within-subjects and within-items variable and lexicality (word or nonword target) as a within-subjects, but between-items, variable (F! refers to subject analyses and F 2 to item analyses). The percentage errors and mean correct RTs for the words and nonwords for Experiment 1 are shown in Table 1 . The magnitude of the priming effects relative to the control condition is given in Table 2 .
A 4 (prime type) X 2 (lexicality) ANOVA was conducted on the RT and percentage error data for the items presented in Experiment 1A. Unless otherwise stated, the p values reported in the text for all significant comparisons are less than .05. The RT data showed a main effect of prime type, FK3, 105) = 20.36, MSE = 1,661.1; F 2 (3, 159) = 14.79, MSE = 2,195.5; a main effect of lexicality, F x (\, 35) 1 33.57, MSE = 9,100.1; F 2 (l, 53) « 69.32, MSE = 10,903.2; and a significant interaction between these two variables, F,(3,105) = 5.44, MSE = 1,998.9; F 2 (3,159) « 4.45, MSE -2,195.5. The error data showed that there was no influence of lexicality on the error rates, Fj(l, 35) = 1.45, MSE = 237.0; F 2 (l, 54) = 1.25, MSE = 213.7. The main effect of prime type on percentage errors was significant in the item analysis, F 2 (3,162) = 3.13, MSE -49.84, and approached significance in the subject analysis, F^, 105) = 2.39, MSE = 84.31, p = .07. The interaction between lexicality and prime type was not robust over subjects or items, Ftf, 105) = 2.29, MSE = 61.70; F 2 (3, 162) = 2.19, MSE = 49.84, and so the error data were not analyzed separately for word and nonword targets.
Priming Effects
To assess the individual priming effects for each prime type (see Table 2 ), we compared responses in the control condition to those following all other prime types. Significance levels for these comparisons were adjusted according to Holm's modified Bonferrom corrections (see Holland & Copenhaver, 1988) . Responses to the target words were faster following identity primes than control primes, F^l , 105) = 46.50; F 2 (l, 78) = 64.49, and faster following unambiguous primes than control primes, F^l , 105) = 40.46; F 2 (l, 78) = 6.35. There was no difference between responses to words following control primes and ambiguous primes (Fs < 1). For the nonword targets, none of the means were significantly different There was also no reliable difference in the error rates made to target items following the four prime types.
The Ambiguity Effect
To determine whether there was an effect of the partial prime types on responses to target items that was independent of the necessarily different sequential position of the letter removed to form the ambiguous and unambiguous primes, we combined the data from Experiments 1A and IB. Separate 2 (experiment type: Experiment 1A vs. Experiment IB) X 2 (prime type: ambiguous/pseudo-ambiguous vs. unambiguous/pseudo-unambiguous) X 2 (lexicality) ANO- Note. C = control condition; A = ambiguous condition; U condition; pU = pseudo-unambiguous condition.
unambiguous condition; I = identity condition; pA = pseudo-ambiguous Note. C = control condition; A = ambiguous condition; U = umambiguous condition; I = identity condition; pA -pseudo-ambiguous condition; pU = pseudo-unambiguous condition; + = facilitatory priming; -= inhibitory priming. *p < .05, significant priming effect, adjusted for omnibus.
VAS were conducted on the subject and item means for the RT and error data. There was a main effect of lexicality, Fi(l, 33) = 134.7, MSE = 5,361.6; F 2 (l, 105) = 66.2, MSE = 6,956.0, and a main effect of prime type, F i ( l , 33) -4.15, MSE = 2,823.1; F 2 (l, 105) = 9.03, MSE = 1,563.8, but no effect of experiment type, F x < 1;F 2 (1,105) = 3.97, MSE = 6,956.0. Critically, there was an interaction between experiment type and prime type, Fj(l, 33) = 4.54, MSE = 2,455.6; F 2 (l, 105) = 6.05, MSE = 1,563.8. Further analyses showed that there was an ambiguity effect for the word and nonword targets in Experiment 1A, F^l , 33) = 9.31; F 2 (l, 105) = 10.78, but there was no difference in response latencies to items when preceded by the pseudoambiguous and pseudo-unambiguous primes in Experiment IB (Fs < 1). These results show a clear ambiguity effect for the words and nonwords in Experiment 1A that was not an artifact of the position of the missing letter. There was an interaction between prime type and experiment type for the error data that was marginal in the subject analysis but significant in the item analysis, Fj(l, 33) = 3.37, MSE -83.24, p = .08; F 2 (l, 106) = 5.75, MSE = 38.58. An average of 3.4% more errors were made to target items when preceded by ambiguous compared to when preceded by unambiguous primes in Experiment 1A, F\(l, 33) = 5.22; F 2 (l, 106) = 5.83, but there was no difference in errors made to targets when preceded by their partial primes in Experiment IB (Fs < 1).
Discussion
In Experiment 1A we used a partial priming methodology to investigate the frequency-ordered version of Forster and Shen's (1996) hypothesis generation account of the ambiguity effect. Even though primes were presented for 100 ms, thereby allowing for hypothesis generation, because the target words were the highest frequency word consistent with the partial primes, this version of Forster and Shen's account would predict no effect of prime ambiguity. Conversely, Pugh et al. (1994) would predict that an ambiguity effect should be observed. The data from Experiment 1A supported Pugh et al.'s prediction, and the data from Experiment IB suggested that the necessarily different positions of the missing letter in the ambiguous and unambiguous primes were not responsible for the ambiguity effect.
The word data showed an orthographic priming effect with shorter response latencies to target words when preceded by unambiguous primes than when preceded by control primes. There was, however, no difference in response latencies to words when preceded by ambiguous primes compared to when preceded by control primes. This lack of difference is probably due to the ambiguity effect leading to slower response latencies in the ambiguous condition relative to the unambiguous condition.
The response time data to the nonwords also showed an ambiguity effect. This nonword ambiguity effect may be accounted for by the flexible rejection deadline proposed by Coltheart et al. (1977) . This account proposes that a nonword is rejected in a lexical-decision task when a deadline has been reached and no matching lexical entry has been found. The deadline is flexible and is extended as the amount of lexical activity increases. If we consider the partial primes for the nonwords, then, by definition, the ambiguous primes were consistent with many real words, whereas the unambiguous primes were not. Therefore, ambiguous primes would initially lead to a greater amount of lexical activity than unambiguous primes. If we assume that the deadline is extended early during processing, that is, prior to the activation of lexical representations being reduced through mutual inhibition (see Grainger & Jacobs, 1996, p. 522) , the rejection deadline is more likely to be extended when the system receives an ambiguous prime than when the prime is unambiguous. Such an extension to the deadline may also be expected to lead to slower responses to target nonwords when preceded by ambiguous primes compared to when preceded by control primes. However, in Experiment 1 A, control primes and ambiguous primes led to similar rejection latencies. Although this may initially seem inconsistent with the interpretation of the nonword ambiguity effect, processing of nonword targets following ambiguous primes would also be facilitated by the letter overlap shared between primes and targets. Clearly, this would not be the case in the control prime condition.
Although the results of Experiment 1 provide evidence against a frequency-ordered version of Forster and Shen's (1996) hypothesis generation account, it is possible that the materials used in Experiment 1A may have caused a response bias amongst participants. For the nonword targets, bom control and identity primes were nonwords. For the word targets, however, the identity primes were words and only the control primes were nonwords. Therefore, nonword targets were preceded by nonword primes twice as often as word targets were preceded by nonword primes. If participants perceived a word prime, they could predict that the target would be a word. Similarly, if participants perceived a nonword prime, the target was twice as likely to be a nonword than a word. These conditional probabilities could have caused response latencies to word targets following control primes to have been inflated by the bias to make a nonword response, and similarly, response latencies to nonword targets following control primes may have been reduced by this bias. Note, however, that although such a bias may have affected response latencies, it could not explain the ambiguity effect that occurred within the word and nonword stimuli.
Finally, in Experiment IB either the initial or final letters of targets were removed to form the partial primes. In Experiment 1A, however, for 10 target words the letter that was removed to form the ambiguous primes was not the initial letter, and for 18 of the target words the letter that was removed to form the unambiguous primes was not the final letter. For us to unequivocally state that the position of the missing letter did not cause the ambiguity effect, we had to select items for the control experiment that exactly matched the experimental items for the ambiguous and unambiguous letter positions. We therefore conducted another pair of experiments (Experiments 2A and 2B) similar to those reported earlier in which we controlled for the variables described above.
Experiment 2
Experiment 2A was designed to test a second interpretation of Forster and Shen's (1996) hypothesis generation account of the ambiguity effect. It is possible that if participants generate hypotheses regarding the identity of the target words on the basis of the partial primes, these may not be generated or verified strictly on the basis of frequency. To test this frequency-independent version of the hypothesis generation account, we had to use experimental conditions under which participants could not generate any hypotheses regarding the identity of the target words on the basis of the partial primes. The orthographic priming literature suggests that if the primes are presented briefly, for 60 ms or less, and if the primes are preceded by a forward pattern mask, then participants are not aware of the presentation of the prime (Forster & Davis, 1984; Forster etal., 1987; Grainger & Jacobs, 1993; ). Under such experimental conditions, participants should not be able to extract sufficient information from the partial primes to generate any hypotheses regarding the identity of the target word. In Experiment 2A, the stimulus materials from Experiment 1A were used and the procedure adopted was identical to that of Experiment 1, except that a forward mask of six asterisks preceded all of the primes and the primes were presented for 60 ms. Additionally, the missing letter was replaced by a "%" (see Grainger & Jacobs, 1993) , preventing participants from attempting to form neighbors from positions other than the missing letter.
The forward mask and short prime duration adopted in Experiment 2A should prevent participants from generating any hypotheses regarding the identity of the target words on the basis of the partial primes. Therefore, it was predicted that if the ambiguity effect observed in Experiment 1A was due to participants' generating any hypotheses regarding the identity of the target words on the basis of the partial primes, no ambiguity effect should be observed in Experiment 2A. Conversely, if the ambiguity effect is not due to frequencyindependent hypothesis generation, then an ambiguity effect should still be observed.
In Experiment 2B, the target words were selected such that the sequential positions of the letters removed to form the partial prime types were matched to those removed to generate the partial primes in Experiment 2A. We also matched the consonant-vowel structure and frequency of each target word in Experiment 2B to its counterpart in Experiment 2A. The frequency of the bigrams that were disrupted to form the partial primes was also matched across Experiments 2A and 2B. In Experiment 2B, we also included identity and control conditions, as these permit us to observe how responses to words following the partial primes in the control experiment form patterns with respect to responses in celling and baseline conditions. Partial primes always had the same number of neighbors that could be formed from the two missing letter positions (M = 1.9). Because there was no difference in response latencies to words following control primes and ambiguous primes in Experiment 1A, we anticipated no difference between response latencies to words in Experiment 2B following control primes and the two partial prime types. Furthermore, as a short, 60-ms, prime duration and a forward mask were used in Experiments 2A and 2B, it was predicted that no priming effects would be obtained for the nonword targets, because most studies using such a methodology do not obtain nonword priming effects (see Forster, 1993) .
Method Participants
Thirty-two participants from the same population as in Experiment 1 participated in this experiment for course credit.
Stimuli and Design
Experiment 2A. Twenty-eight target words and 28 nonwords were selected for this experiment. The words were the same as those used in Experiment 1 A, except the item curt was replaced by band because more than 40% of participants made errors to this in Experiment 1A. Also, the item milk was replaced by test because this was used as an item in Experiment 2B. The sample of words had a mean frequency of 63 (SD = 19.1) and a mean neighborhood size of 10.8 (SD = 3.4). The nonwords were the same as those used in Experiment 1 A. Seven additional filler words along with seven filler nonword targets were also included in Experiment 2A. The filler words were preceded by nonword primes, and the filler nonwords were preceded by word primes. This meant that the lexical status of the target was not predictable from the lexical status of the intact primes.
As for Experiment 1A, four prime types were generated for the words and nonwords, but a "%" replaced the gap in the partial primes. Each participant responded to each target item once, but experienced an equal number of the different prime types. Therefore, for the words and nonwords, there was a within-subjects and within-items variable of prime type, with four levels.
Experiment 2B. Twenty-eight target words and 28 nonwords were selected for this experiment. The words were matched to the sample of words used in Experiment 2A for printed frequency (M = 53); Experiment 2A versus 2B: F(l, 54) = 1.12, MSE = 1,220.43, p > 0.2 and consonant-vowel structure. The nonwords were orthographical ly and phonologically legal and were matched to those used in Experiment 2A for consonant-vowel structure.
In Experiment 2B, the same four types of primes were used as for Experiment 2A. For each target word, the partial primes were generated by replacing a letter with a "%" in the same sequential position as a target word in Experiment 2A. Because an equal number of neighbors could be formed from the two letter positions removed to form the partial primes, these prime types are again referred to as pseudo-ambiguous and pseudo-unambiguous. The partial primes were generated for the target nonwords in the same way. The frequency of the Digrams (Mayzner & Tresselt, 1965 ) that were disrupted to form the partial primes did not differ for the words or nonwords across Experiments 2A and 2B (for the words when the primes were ambiguous and pseudo-ambiguous, F[l, 54] = 1.24, MSE = 10,807.1, p > .2; for the words when the primes were unambiguous and pseudo-unambiguous, F < 1; for the nonwords when the primes were ambiguous and pseudoambiguous, F< 1; for the nonwords when the primes were unambiguous and pseudo-unambiguous, F[l, 54] = 1.72, MSE = 8,484.1, p > .1). As in Experiment 2A, an additional seven words and seven nonwords with nonword and word primes, respectively, were included as fillers to ensure that the lexical status of the target was not predictable from the lexical status of the primes. A nail set of words and their primes can be found in Appendix C. For the words and nonwords there was a one-way within-subjects and within-items variable of prime type, with four levels: control, pseudo-ambiguous, pseudo-unambiguous, and identity.
Procedure
Stimuli were presented on an Apple Macintosh LC computer using the PsyScope presentation software (Cohen, MacWhinney, Flatt, & Provost, 1993) . Participants were tested individually and responded to a block of 70 trials for Experiment 2A and then a block of 70 trials for Experiment 2B. The trials were randomly presented within each block. Each trial consisted of a forward mask (six asterisks) presented for 500 ms followed immediately by a lowercase prime for 60 ms, which was then replaced by an uppercase target until the participant made a response. Responses were timed from the onset of the target using a Mark VI button box (Cohen et al., 1993) with millisecond accuracy. All other aspects of the procedure were the same as for Experiment 1.
Results
As in Experiment 1, outliers greater than 1,000 ms and less than 250 ms were replaced by the appropriate cut-off value. This procedure was applied to less than 6% of the total data. Mean correct RTs and percentage error rates for the words and nonwords for Experiments 2A and 2B are given in Table 1, and Table 2 gives the magnitude of the priming effects.
Experiment 2A
A 4 (prime type) X 2 (lexicality) ANOVA was conducted on the RT and percentage error data for the words. Unless otherwise stated, the p values for all significant comparisons reported in the text are less than .05. The RT data snowed a main effect of prime type, F { (3, 93) = 14.62, MSE = 1,935.7; F 2 (3,162) = 6.03, MSE = 4,772.6; a main effect of lexicality, F^l , 31) = 155.77, MSE= 13,355.9; F 2 (l, 54) = 224.75, MSE -5,332.2; and an interaction between these two variables that was robust in the subject analysis, but marginal in the item analysis, F x (3, 93) = 4.53, MSE = 1,974.6; F 2 (3, 162) = 1.89, MSE = 4J12.6,P = .1. As the interaction between lexicality and prime type was marginal, and as it was predicted that prime type would have a differential effect on responses to the word and nonword targets, RTs to the words and nonwords were analyzed separately. There was a main effect of prime type on RTs to the words, ^( 3 , 9 3 ) = 16.85, MSE = 2,033.28; F 2 (3,81) = 8.24, MSE = 4,293.24, but no effect of prime type on RTs to nonwords, Ffo 93) = 1.60, MSE = 1,877.06, p > 0.1; F 2 < 1. Therefore, further analyses were only conducted on the RTs to target words. Corresponding analyses on the error data showed that there was no effect of lexicality, Fi(l, 31) = 1.19, MSE = 364.49; F 2 (l, 54) = 1.74, MSE = 231.22, or prime type, Fi(3, 93) = 2.33, MSE = 83.55; F 2 (3, 162) = 2.37, MSE = 72.63, and no interaction between these variables (Fs < 1). Therefore, the error data were not considered further.
Priming effects. To assess the individual priming effects (see Table 2 ), we conducted means comparisons on responses to target words when preceded by control primes and all other prime types. As for Experiment 1, significance values were adjusted according to Holm's modified Bonferroni corrections. Words were responded to faster when preceded by identity primes than when preceded by control primes, F^l , 31) = 31.46; F 2 (l, 54) = 13.63. Control primes led to slower responses than unambiguous primes, Fi(l, 31) -7.00; F 2 (l, 54) = 3.08, p = .08. However, although this difference is similar in magnitude to that observed in Experiment 1A, it was only marginal in the items analysis. There was no difference in RTs to words when preceded by control primes than when preceded by ambiguous primes (Fs < 1) .
The ambiguity effect. To determine whether an ambiguity effect occurred for the words in Experiment 2A and whether this was independent of the sequential position of the letter removed to form the partial primes, we compared RTs to words preceded by ambiguous and unambiguous primes to responses made to the words in Experiment 2B when preceded by pseudo-ambiguous and pseudo-unambiguous primes. This analysis showed that there was an interaction between prime type and experiment type, Fi(l, 31) = 7.55, MSE = 2,340.95; F 2 (l, 54) = 6.55, MSE = 3,455.66. Further comparisons showed that in Experiment 2A, words were responded to slower when preceded by ambiguous primes than when preceded by unambiguous primes, F^l , 31) = 10.38; F 2 (l, 27) = 8.10, but there was no difference in response latencies made to words in Experiment 2B when preceded by either pseudo-ambiguous or pseudo-unambiguous primes (Fs < 1). Because of the tightly controlled partial primes used in Experiment 2B, it seems likely that the ambiguity effect in Experiment 2A was due to the neighborhood characteristics of the partial primes.
Experiment 2B
The 4 (prime type) X 2 (lexicality) ANOVA on the RT data showed that words were responded to faster than nonwords, F^l , 31) = 75.72, MSE = 12,607.8; F 2 (l, 54) = 85.04, MSE -10,108.4. There was also a main effect of prime type, F t (3 t 93) = 7.79, MSE = 2,410.4; F 2 (3, 162) = 3.47, MSE = 4,511.1, and an interaction between prime type and lexicality that was significant by subjects, Fi(3, 93) = 6.62, MSE = 2,420.5, but marginal by items, F 2 (3, 162) = 2.53, MSE = 4,511.1, p = .06. Further analyses showed that there was a main effect of Prime Type on RTs to words, Fj (3, 93) = 12.50, MSE = 2,032.52; F 2 (3, 81) = 6.65, MSE = 3,845.01, but no effect of prime type for the nonwords (Fs < 1). Therefore, in subsequent analyses only the responses to word targets were considered. The error data showed no reliable effect of lexicality, Fj(l, 31) = 3.91, MSE = 209.3; F 2 (l, 54) = 3.42, MSE = 159.8, or prime type (Fs < 1) and no interaction between these variables, Fj(3, 93) = 2.59, MSE = 71.53; F 2 (3,162) = 2.00, MSE = 60.21.
Responses to words were faster following identity primes than control primes, F^l , 31) = 17.40; F 2 (l, 27) = 7.90. There was no reliable difference in RTs to words when preceded by either control primes or pseudo-unambiguous primes (Fs < 1) or between words when preceded by control primes or pseudo-unambiguous primes, F\(l, 31) = 1.96; F 2 (l, 27) = 1.82. Neither partial prime produced any facilitatory form priming effects in Experiment 2B.
Discussion
The results of Experiment 2A show a clear ambiguity effect that cannot be accounted for by a frequencyindependent version of Forster and Shen's (1996) hypothesis generation account. It is important to note that Experiment 2B was very tightly controlled and the results indicate that the ambiguity effect observed in Experiment 2A was due to the neighborhood characteristics of the partial primes. Consistent with previous studies, no priming occurred for the nonword targets when a forward mask and 60 ms prime duration were used (Forster & Davis, 1984; Forster et al., 1987; Grainger & Jacobs, 1993; .
General Discussion
The principle aim of the two experiments reported here was to test for Pugh et al.'s (1994) ambiguity effect under conditions in which Forster and Shen's (1996) hypothesis generation account of that ambiguity effect would predict its absence. In both experiments, a robust ambiguity effect was observed that could not be attributed to the different positions at which the missing letter in the ambiguous and unambiguous primes necessarily had to occur. Thus, these results disconfirm Forster and Shen's proposal that the ambiguity effect is due to participants generating an incorrect hypothesis regarding the identity of the target word from the partial prime.
Having ruled out Forster and Shen's (1996) hypothesis generation account, we now require a theoretical explanation of why the ambiguity effect occurred. Furthermore, we require a means of reconciling the studies in the literature that show facilitatory effects of neighbors (Andrews, 1989 (Andrews, , 1992 Forster & Shen, 1996; Sears et al., 1995) with those that show inhibitory effects ; Experiments 1 and 2 above).
Forster modified the original serial search model to accommodate the orthographic priming effect (see Forster & Davis, 1984; Forster et al., 1987) . In the modified search model, upon presentation of a prime, those entries that are close matches to the input are tagged. Once an entry has been tagged, the entry-opening process begins. When a target word is then presented following an orthographically related prime, the entry corresponding to the target would already have been partially opened, leading to a reduction in the time taken to fully open the entry and identify the target word. When the preceding prime is not orthographically related to the target, the target entry would not have been partially opened by the prime and there would be no reduction in the time taken for lexical identification. This allows the model to accommodate the orthographic priming effect. Because the ambiguous and unambiguous partial primes used here were equally good matches for the target entry, both prime types would initiate the entry-opening process for the target entry. That is, the reduction in lexical identification time due to partial opening of the target entry by the prime would be the same following ambiguous and unambiguous partial primes. Thus, both of these prime types should show equivalent priming relative to control primes, a prediction that is inconsistent with the ambiguity effects observed in Experiments 1 and 2. Furthermore, as the access files are searched in descending order of frequency, this model also cannot account for the facilitatory effects of neighborhood density on responses to unprimed target words (e.g., Andrews, 1989 Andrews, , 1992 . Note, though, that Forster and Shen (1996) did not regard studies showing neighborhood effects on lexical decisions to isolated words (either facilitatory or inhibitory) as being necessarily problematic for any version of the search model They suggested that a word's neighborhood density influences the lexicaldecision process, but not the process of lexical access, and because the modified serial search model concerns itself specifically with the processes involved in lexical access, it need not necessarily account for neighborhood effects.
Because the modified search model does not provide a theoretical explanation of either facilitatory (Andrews, 1989 (Andrews, , 1992 Forster & Shen, 1996; Sears et a!., 1995) or inhibitory ; Experiments 1 and 2 above) effects of neighbors, an alternative account is needed to explain both of these effects. One possible explanation could be based on a parallel activation approach such as that embodied in the interactive activation model (McClelland & Rumelhart, 1981) and the multiple read-out model (Grainger & Jacobs, 1996) . In both of these models, the perceptual input activates consistent letter representations that in turn feed activation forward to consistent lexical representations. Partially activated lexical representations mutually inhibit each other, and lexical access occurs when a single lexical representation reaches its activation threshold. In the multiple read-out model, Grainger and Jacobs further suggest that a lexicaldecision response to a target word may be made in two ways. First, a response may be made when a lexical representation reaches its threshold of activation and is identified. Alternatively, a response may be made when the amount of global lexical activity within the system reaches a critical value. By instantiating such criteria, Grainger and Jacobs successfully simulated facilitatory and inhibitory effects of neighbors as observed in standard lexical-decision experiments. When the stimulus characteristics and task demands are such that a lexical-decision response is made on the basis of global lexical activity (2 criterion), facilitatory effects of neighbors are observed. This is simply because the greater the number of neighbors a word has, the more lexical activity it generates and the sooner the £ criterion is reached. Conversely, when a response is based on a lexical unit reaching threshold (M criterion), neighbors have an inhibitory effect on responses due to the mechanism of mutual inhibition between lexical representations. Grainger and Jacobs argued that when the nonwords are very word-like (that is, they generate a large amount of global lexical activity), the 2 criterion would be set high and thus responses to words would be predominantly based on the M criterion. As the nonwords used in Experiments 1 and 2 reported here all had many neighbors (M = 9.1), it seems reasonable that responses to words would be based on a lexical unit reaching threshold. Although it would be necessary to simulate our data to ensure that the multiple read-out model can accommodate our findings, it seems that mis model can, in principle, account for the ambiguity effect. Ambiguous partial primes would partially activate many lexical representations, whereas the unambiguous partial primes would only substantially activate the target lexical representation. As active lexical representations mutually inhibit each other, when the partial prime is ambiguous, the activation level of the target representation would be decreased through mutual inhibition. Conversely, when the partial prime is unambiguous, the activation level of the target representation would not be reduced by mutual inhibition. Therefore, upon presentation of the target word, the activation level of its corresponding lexical representation would be closer to threshold following unambiguous than ambiguous primes, resulting in longer response latencies to words when preceded by ambiguous primes compared to when preceded by unambiguous primes. Within the multiple read-out model, the ambiguity effect would therefore occur as a natural consequence of intralexical inhibition. But even if simulations show that the multiple read-out model cannot simulate our findings in all of their detail, the fact remains that our results show clear ambiguity effects of the sort obtained by Pugh et al. under Targets   BOND  CAPE  COST  FARM  FIST  FOLK  GLAD  GOAL  HELL  HOST  HURT  MILK  PART  PINE  RIPE  RISE  RISK  RUDE  SEAT  SELL  TALE  TASK  TRIP  TUBE  TUNE  WATT  WILD 
